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(54) [Title of the Invention] Semiconductor Manufacturing Method 
(57) [Forward] 

[Object] The object of the present invention is to provide a method for strengthening of oxide layer 
breakdown voltage of a silicon oxide film formed upon a silicon wafer produced by the Czochralski 
metliod. 
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[Composition] A heat treatment, prior to formation of a silicon oxide layer for insulation use by thermal 
oxidation of the surface of the silicon wafer, comprising the steps of: forming an oxide layer SA to 20A 
thick upon the surface of the silicon wafer; and heat treating thereafter in an inert gas atmosphere at a 
heat treatrnent temperature T in the range of 1050X to ISSO^'C for a time period tc or longer;. wherein t^ 
(hours) = exp[(lp5prT(X^^ - ^ 

[Scope of the Patent Claims] 

[Claim 1] A heat treatment method for a silicon wafer processed from silicon semiconductor crystal 
produced by die Czochralski method, prior to the heat treatment, comprising the step of forming an 
oxide layer SA to 20A thick upon the surface of the silicon wafer. 

[Claim 2] A semiconductor manufacturing method that forms a silicon oxide layer for dielectric layer 
use upon the surface of a silicon wafer processed from silicon semiconductor crystal produced by the 
Czochralski method; wherein prior to the fomiation of the silicon oxide layer the method comprises the 
steps of 

forming an oxide layer SA to 20A thick upon die surface of die silicon wafer; and 
heat treating thereafter in an inert gas atmosphere at a heat treatment temperature T in die range of 
1050°C to 1350T for a time period tc or longer; wherein tc is given by die following equation. 

[Equation 1] 

t,. (hours) = exp[( 1050 - T (X)) / 130] 

Detailed Explanation of the Invention 
[0001] 

[Industrial Field of Application] The present invention relates to a mediod for strengthening of 
dielectric breakdown voltage of a dielectric film formed from silicon oxide obtained by diermal oxidation 
of die surface of a silicon semiconductor wafer used for silicon integrated devices. 

[0002] . 
[Conventional TechnologyJ ~~ 

Typical silicon semiconductor wafers used for production of silicon integrated devices include wafers 
processed from silicon single crystal grown by the Czocliralski mediod (silicon semiconductor wafers 
produced by this method are referred to hereinafter as CZ silicon wafers), wafers processed from 
silicon single crystal grown by die floating zone-melting mediod (silicon semiconductor wafers produced 
by this method are referred to hereinafter as FZ silicon wafers), 

and CZ silicon wafers upon whose surface has been grown a single crystal silicon layer by die chemical 
vapor deposition mediod of epitaxial growth (silicon semiconductor wafers produced by diis method are 
referred to hereinafter as epitaxial silicon wafers). Presently CZ silicon wafers among such types of 
wafers are mainly used for production of silicon integrated devices. 
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[0003] However, the silicon oxide film obtained conventionally by oxidation of the surface of an FZ 
silicon wafer or epitaxial silicon wafer is known to have excellent dielectric breakdown voltage strength, 
and the silicon oxide film obtained by oxidation of the surface of a CZ silicon wafer is known to have 
relatively inferior dielectric breakdown voltage strength. This is mentioned in page 1 of the treatise of 
Fumio Kiyozumi, et al *T)ielectric breakdown voltage of silicon thermal oxidation film" (Technical 
Report of die Institute of Electronics, Information and Communication Engineers SSD83-66 (1983) and 
in chapter 3 of "Sub-micron Device IT' by Mitsumasa Yanagi (published by Maruzen (1 988)). 
Previously methods have been proposed of heat treatment of the wafer prior to formation of silicon 
oxide film in order to strengthen dielectric breakdown voltage of a silicon oxide film of a CZ silicon 
wafer. Such methods of particular promise are explained below. 

[0004] Page 79 of Hisao Yamabe's treatise 'Defects of thin tiiermal oxidation films" (Technical Report 
of the Institute of Electronics, Information and Communication Engineers SSD83-103 (1982)) and in 
page 629 of tiie treatise of Yamabe, et al titled ''Thickness dependence of dielectric breakdown failure 
of thermal SiO i films" (Proceedings of the Symposium on Defects in Silicon, 1983) disclose a method 
comprising oxidation of a CZ silicon wafer in an oxygen gas atmosphere at a high temperature of at least 
lOOO^'C, removing the silicon oxide film that was formed, and then fomiing the desired silicon oxide film. 
Typically the initial oxidation is called sacrificial oxidation, and tlie sUicon oxide film formed at that time 
and subsequently removed is called tlie sacrificial oxide film. Among these treatises, a model is disclosed 
for which the high temperature heat treatment causes outward difilision of super-saturated oxygen so as 
to cause oxygen precipitate nuclei (which become.nuclei for wafer surface metal precipitation) to 
disappear, tiiereby improving dielectric breakdown voltage of the oxide film. However, dielectric 
breakdown voltage strength is not simply improved just by outward diffusion of super-saturated oxygen. 

[0005] Publication of Unexamined Patent Application No. Sho 62-2 1067 discloses a heat treatment 
method prior to fonnation of the desired silicon oxide film; wherein the metliod carries out heat 
treatment of a CZ silicon wafer for at least 5 minutes at a temperature of at least 950''C in a reducing 
atmosphere containing hydrogen gas or a hydrogen halide compound. This method avoids formation of 
stacking faults at the wafer surface and makes possible fomiation of a high breakdown voltage oxide 
film. Presently as a result of improved crystal growth methods of commercial CZ silicon wafers, wafer 
quality is such that generation of stacking faults at the wafer surface almost doesn't occur even after 
device.manufacturing-processing.-— — — ■ 

[0006] Even such CZ silicon wafers which don't generate stackinjg faults have a rather lo\y dielectric . 
breakdown voltage strerigth of tlie silicon oxide film in comparison to FZ silicon wafers and epitaxial 
silicon wafers. Although there have been many patent applications related to heat treatment of silicon 
wafers, the object of such patent applications is control of the generation of ciystalline defects such as 
oxidation induced stacking faults, etc. Only tlie above mentioned Publication of Unexamined Patent 
Application No. Sho 62-21067 mentions improvement of dielectric breakdown voltage strength of 
silicon oxide film. 

[0007] 

[Problems to be Solved by the Invention] 
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In accompaniment with increased miniaturization of silicon integrated devices, thickness of the silicon 
oxide layer used as the gate insulation layer of the MOS transistor is becoming much thinner, and better 
dielectric breakdown voltage characteristics are required. The object of the present invention is to 
provide a heat treatment method for improvement of dielectric breakdown voltage strength of the silicon 
oxide film obtained by oxidation of the surface of a CZ silicon wafer to roughly the same magnitude as 
thatof the FZ silicon wafer or epitaxial silicon wafer. _ . . ... 

[0008] The method of high temperature sacrificial oxidation, as disclosed in the above mentioned 
treatise of Yamabe, et al, has almost no improvement of dielectric breakdown voltage strength when 
thickness of the desired silicon oxide layer is greater than 300A. The inventors of the present invention 
oxidized the surface of a CZ silicon wafer for 24 hours in dry oxygen at 1 100°C to form a sacrificial . 
oxide film that had a film thickness of 7 l OOA. After removal of this film by dilute hydrofluoric acid, a 
silicon oxide film was formed 250A thick in a drs' oxygen atmosphere at lOOO^C, and dielectric 
breakdown voltage strengtia was examined. The distribution of dielectric breakdown voltage is shown in 
Figure 4. Altiiough some improvement of dielectric breakdown voltage strength is recognizable in 
comparison to a wafer having undergone no sacrificial oxidation, etc. heat treatment as indicated in 
Figure 1, dielectric breakdown voltage strengtii was clearly still low in comparison to that of a FZ silicon 
wafer and an epitaxial silicon wafer as shown in Figure 2 and Figure 3. 

[0009] The inventors of the present invention also carried out testing of the method comprising heat 
treatment in a hydrogen gas atmosphere containing a hydrogen halide. compound. After heat treatment 
of a CZ silicon wafer at 1 l OO^'C for 5 hours in a hydrogen gas atmosphere containing 1% hydrogen 
chloride, a 250A silicon oxide film was formed in a dry oxygen atinosphere at 1000°C, and then 
dielectric breakdown voltage strength was examined. Distribution of this dielectric breakdown voltage 
strength is shown in Figure 5. Although this shows improvement of dielectric breakdown voltage 
strength in comparison to the unti^ated wafer shown in Figure 1, tliis still has a low dielectric 
breakdown voltage strengtii in comparison to that of an FZ silicon wafer and epitaxial silicon wafer as 
shown in Figure 2 and Figure 3. Moreover, tliis method is deficient in that this method requires 
explosion-proof equipment, exhaust gas handling equipment, etc. due to use of hydrogen and hydrogen 
halide gas at liigh temperature during this meriiod. thereby increasing production costs. 

[0010]- — ^ ~~ 

[Means to Solve the Problems] In order to solve the above mentioned problems, the method of tiie 
present invention,.after fomiing an oxide layer 5 A to 20A thick upon the surface of the silicon wafer, , 
then heat treats the wafer in an inert gas atmosphere at a heat treatment temperature T in the range of 
lOSO^'C to 1 350"C for a time period t^ or longer; wherein tc is given by the following equation. 

[Equation 2] 

tc (hours) = exp[(1050 - T CQ) 1 130] 
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Although there is no upper limit for the holding time period, holding for a time period of 10 hours^ 
is sufficient since holding for a longer time period results in saturation. Here an inert gas is taken to be 
helium gas, neon gas, argon gas, xenon gas, or a mixture of such gases. 

[0011] 

[Operation of the Invention] The inventors of die present invention, as a result of detailed examination 
of the dielectric breakdown voltage strength of silicon oxide film of tiie CZ silicon wafer, made clear that 
the origin of the weakening of silicon oxide film dielectric breakdown voltage strength of the CZ silicon 
wafer relative to that of the FZ silicon wafer and epitaxial silicon wafer is the generation of an extremely 
fine compound of silicon atoms and oxygen atoms within the wafer or the crystal during heat treatment 
of the CZ silicon wafer or during growth of CZ single crystal. The compound of silicon atoms and 
oxygen atoms mentioned here is not the crystal defect that becomes a nucleus for generation of stacking 
faults such as those mentioned in Publication of Unexamined Patent Application No. Sho 62-21067. 

[0012] The present invention is based upon discovery that dielectric breakdown voltage strength of the 
CZ silicon wafer can be effectively improved by dissolving this compound of silicon atoms and oxygen 
atoms within the CZ silicon wafer. Tlie generation and decomposition reactions of the compound of 
silicon atoms and oxygen atoms within the CZ silicon wafer can be expressed by the following equation. 

[Equation 3] 

Si + xOi + Vsi<^SiOi (1) 

Here Si is the silicon atom, Oi is the interstitial oxygen atom, Vsj is the silicon atomic vacancy, and 
SiOi is the compound of silicon atoms and oxygen atoms that causes lowering of silicon oxide layer 
dielectric breakdown voltage strength. This decomposition reaction of tliis SiO i compound (i.e., tlie left- 
direction reaction of Equation (1)) progresses by (1) lowering the concentration of interstitial oxygen 
and by (2) lowering the concentration of silicon vacancies. [TRANSLATOR 'S NOTE: This looks like 
an error in the source text, since the left-direction reaction increases concentrations of silicon 
vacancies and interstitial oxygen.] 

[0013] When the CZ silicon wafer is held at the high temperature of lOSO'^C or above in an inert gas • 

atmosphererinterstitial-oxygen-diifuses outward and-is-released-to-the a 

surface, and silicon vacancies diffuse outward so as to disappear at the wafer surface. Concentration of 
either of these decreases within the wafer. The concentrations of interstitial oxygen and silicon vacancies^ 
within the wafer begin to decrease at the surfece. Since diffusion coefficient of the silicon atomic 
vacancy is larger than that for the interstitial oxygen atom, equilibrium is quickly reached. When 
concentrations of the silicon atomic vacancies and interstitial oxygen atoms reach equilibrium, the 
compound of silicon atoms and oxygen atoms begins to decompose. 

[0014] In an oxidizing atmosphere, such as dry oxygen gas, etc., an oxide film grows at the wafer 
surface which becomes a barrier for outward diffiision of interstitial oxygen, and the concentration of 
interstitial oxygen atoms doesn't drop below the equilibrium concentration due to supply of oxygen 
atoms from the atmospheric gas. Therefore progress of decomposition of the SiO| compound (i.e., the 
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origin of lowering of silicon oxide filni dielectric breakdown voltage strength) within the wafer is 
insufficient 

[0015] When the atmosphere is nitrogen gas, although outward diffusion of interstitial oxygen 
progresses in the same manner as for an inert gas atmosphere, a nitration reaction occurs at the wafer 
surface so that silicon atomic vacancies are injected into the wafer interior. Therefore concmteation of ^ 
silicon atomic vacancies increases so that decomposition of the compound of silicon atoms and oxygen 
atoms doesn't progress sufficiently. Furthermore, nitrogen dissolves into the silicon during the heat 
treatment step and then precipitates out during the cooling step. Oxide film dielectric breakdown voltage 
strength markedly decreases when tliis precipitate is incorporated into the oxide film during the 
subsequent oxidation step. 

[0016] When the atmosphere is hydrogen gas, the oxide film at tlie wafer surface evaporates due to * ' 
reduction reaction of the silicon oxide film. Also when a halogen halide is included, a halogenation 
reaction of the silicon occurs so that the silicon wafer suiface is etched, thereby increasing roughness of 
the wafer surface. A rough surface lowers dielectric breakdown voltage strength of tlie silicon oxide fihn 
obtaiaed by oxidation of the silicon wafer surface. Therefore an inert gas atmosphere for the heat 
treatment atmosphere is preferred comprising argon gas, etc. that reacts with neither the silicon nor with 
the silicon oxide layer. 

[Equation 4] 

Si (soUd) + Si02 (solid) <^ 2SiO (gas) 

[0017] However, the highly purified inen gas used for commercial applications often contains a minute 
quantity of oxygen at about 0,1 ppm. When a silicon wafer is heat treated in inert gas containing a trace 
quantity of oxygen, the oxygen in the gas reacts with silicon to generate SiO gas, and surface pits are 
generated by etching of the silicon wafer surface as this reaction progresses. When this reaction reaches 
the equilibrium concentration of SiO gas at the silicon wafer surface, the reaction stops due to formation 
of a silicon oxide film at the silicon wafer surface. However, due to removal of surface SiO gas by inert 
gas flow across a silicon wafer placed in the flow of inert gas, SiO gas concentration is unable to reach 
• the equilibrium concentration so that the generation of SiO gas doesn't stop. In this case, dielectric 
breakdown-voltagestrength-decreases-for-diesilicon-oxide-film-obtained-bymidation^^ 
surface due to roughness of the silicon wafer surface. 

[0018] This problem can be solved if the silicon wafer surface is first provided with a shielding silicon 
oxide film (see Figure 6 (2)). However, when the wafer surface has a silicon oxide film, a permissible 
limit exists for silicon oxide film tliickness due to hindrance of outward diffusion of interstitial oxygen 
atoms (see Figure 6 (3)). According to experiments of the inventors of the present invention, as shown 
in Figure 6 (4), the permissible thickness of silicon oxide film provided as shielding of the silicon wafer 
surface prior to heat treatment is at least 5 A and less than 20A. Formation of a stable film is difficult 
below 5A, and outward diffusion of interstitial oxygen becomes difficult above 20A. Although "pass 
rate" within the figures will be explained when the working examples are described, this "pass rate" 
indicates the proportion of MOS diodes showing at least 10 MV/cm dielectric breakdown voltage 
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Strength, which is an indicator for evaluation of dielectric breakdown voltage strength of the silicon oxide 
film. 

[0019] When concentrations of interstitial oxygen atoms and silicon atomic vacancies have not dropped 
to ttie equilibriimi concentrations during heat treatment, the reaction of super-saturated interstitial oxygen 
atoms continues to generate the compound with silicon atoms. Since diffusion coeflBcients for silicon 
atomic vacancies and interstitial oxygen atoms become small below 1050°C, this is beneficial for the 
generation reaction. Therefore setting heat treatment temperature to the optimum range is important. The 
inventors of the present invention performed experiments as shown in Figure 7 and found that at least 
1050°C and preferably at least 1 100°C was appropriate. The upper limit of temperature is 1350®C. 
This upper temperature limit results from a marked lowering of yield stress of the silicon wafer at 
temperatures above 1350°C, thereby increasing crystalline defects such as dislocations, etc. A further 
preferred heat treatment method lowers temperature extremely slowly down to 1050°C from a 
temperature above that at which the interstitial oxygen atoms are at the equilibrium concentration for the 
CZ silicon wafer prior to heat treatment, thereby suppressing the conipound generation reaction in the 
vicinity of the wafer surface. 

[0020] The heat treatment time period must be at least the time period for outward diffusion of 
interstitial oxygen atoms and silicon atomic vacancies so that concentrations drop below equilibrium 
concentrations and the decomposition reaction can start. During experiments of the inventors of the 
present invention, the effective treatment time period, as shown in Figure 7, at treatment temperature T 
within the range of 1050"C to 1350°C, is at least a time period tc as expressed by the following 
equation. 

[Equations] 

tc (hours) = exp[(1050 - T CQ) / 130] 

[0021] According to the present invention, dielectric breakdown voltage strength of the silicon oxide 
fihii of a CZ silicon wafer can be improved to roughly equivalent that of an FZ silicon wafer and epitaxial 
wafer, and such improvement can be attained without the danger of explosion and corrosion. • 



[0022] 

[Working Examples] Working examples of the present invention are explained below. Examples of . 
the present invention 1 through 12 used CZ silicon wafere of 5 inch diameter that had <100> surface 
orientation and 1 x 10'^ cm'-^ interstitial oxygen concentration and were doped with 1 x 10*-^ atoms/cm^ 
of boron. First the wafers were immersed in dilute hydrofluoric acid aqueous solution, and the native 
oxide filni present on the surface was removed. Thereafter rinsing was carried out using ultra-pure 
water, followed by spin drying. These wafers were then charged into a furnace under an oxygen 
atmosphere at 800^C to form a 5 to 20A thick silicon oxide film on the wafer surface. Thereafter these 
wafers were loaded into a fiimace under an argon atmosphere at lOSO'^C to OSO^'C, followed by 1 to 
24 hours of heat treatment. 
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[0023] Except for a heat treatment temperature of lOOO^'C, conditions of comparative example 13 
were the same as those of working examples 1 through 4. 

Except for a treatment time of 0.5 hour, conditions of comparative example 14 were the same as 
those of working examples 2, 5, and 6. 

Except for a treatment temperature of 1400®C, conditions of comparative examples 15 and 16 
were the same as those of >yorking examples 9 and 10. 

Except for a treatment time of 0.1 hour and a treatment temperature of lOOO^C, conditions of 
comparative example 17 were the same as those of working examples 1 through 10. 

Except for formation upon the CZ silicon wafer prior to heat treatment of a silicon oxide film 
having a thickness of 0, 50, and 400A respectively, conditions of comparative examples 18 through 20 
were the same as those of working examples 2 and 10. 

Except for use of non-inert gas for the heat treatment atmosphere (nitrogen.gas, oxygen gas, 1% 
hydrogen chloride-containing hydrogen gas, respectively), conditions of comparative examples 21 
through 23 were the same as those of working examples 2 and 6. Comparative examples 22 and 23 are 
the conventional technology. 

[0024] Reference examples 24 through 26 are examples using non-heat treated CZ silicon wafers, FZ 
silicon wafers, and epitaxial silicon wafers. These reference examples were used for examination of 
dielectric breakdown voltage strength of the silicon oxide film for today's CZ silicon wafer in 
comparison to the targeted FZ silicon wafer and epitaxial silicon wafer. 

[0025] This evaluation of dielectric breakdown voltage strength was carried out by fomiing 90 MOS 
diodes of 0.12 cm^ surface area and then measuring the dielectric breakdown electrical field. The wafer 
was first immersed in dilute hydrofluoric acid aqueous solution, and the silicon oxide film formed on the 
surface was removed. Tlien after rinsing with ultra-pure water, the wafer was spin dried. This spin-dried 
wafer was oxidized in a dry oxygen atmosphere at lOOC'C to form MOS diode siUcon oxide fihn that 
was 250A thick. A phosphorous-doped polysilicon layer was deposited by low pressure CVD to form 
the MOS diode electrodes. MOS diode dielectric breakdown electrical field was measured by holding 
the wafer backside at zero potential while applying a negative potential to the surface electrode. 
Breakdown electrical field was determined by measurement of the potential at the time that current in 
the MOS diode reached 100 mA/cm'. The proportion of the 90 MOS diodes produced upon the wafer 

that-indicated a-dieleGtriG-breakdown-eleGtrical-field Gfat-least40-MV/em-was-defi^^ ; 

rate" which was used as an indicator of dielectric breakdown voltage strength of the silicon oxide film 
obtained by oxidation of the surface of the silicon wafer. A pass rate of at least 80% was evaluated as 
providing a breakdown voltage of the same order as that of the FZ silicon wafer and epitaxial silicon 
wafer. 

[0026] Table 1 shows results of evaluations of the working examples and the comparative examples. All 
of the working examples showed the excellent characteristics of a pass rate of at least 80%. This 
indicates a great improvement upon comparison with reference example 24. Pass rate of the working 
examples was of the same order or better than that for the FZ silicon wafer and epitaxial silicon wafer. 
Therefore the method of the present example clearly is an extremely effective method for great 
improvement of silicon oxide film dielectric breakdown voltage of a CZ silicon wafer. 
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[0028] For comparative examples 13 tlirough 20, when tlie conditions of treatment temperature, heat 
treatment time period, and silicon wafer surface oxide fihii thickness departed from the ranges of the 
present invention (as indicated"lnFigure 6 andTigure 7), the pass rate was low which indicated 
insufficient improvement of dielectric breakdown voltage strength of the silicon oxide fikn. Upon 
comparison of pass rates of the working examples and that of reference example 24 (conventional 
technology), pass rates for the present invention are shown to be much higher than those of the 
conventional method. The method of the present invention is clearly much superior, as indicated by 
raising by the present invention of dielectric breakdown voltage of the silicon oxide film into the high 
electrical field region. 

[0029] Although comparative example 2 1 utihzed heat treatment in a nitrogen atmosphere as has been 
often used in the silicon semiconductor industry, not only was improvement of silicon oxide film 
dielectric breakdown voltage strength not recognized, in contrast to the improvement seen due to heat 
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treatment in the inert gas atmosphere of the present invention, but worsening actually occurred after 
treatment in a nitrogen atmosphere. Although the above mentioned working examples used argon gas as 
the inert gas, the same effect can be obtained by use of helium gas, neon gas, krypton gas, xenon gas, 
and a mixture of such gases. 

J0030[.^_, J,^^ ._ .'..^ , _ , ." . . ........... ... . „. ... . - 

[Results of the Invention] As explained above, due to marked improvement of dielectric breakdown 
voltage of a silicon oxide film of a CZ silicon wafer by the present invention, the present invention will 
have a great impact upon industry since the present invention makes possible production of highly 
reliable silicon integrated devices while maintaining the benefits of the CZ silicon wafer. 

[Simple Explanation of the Figures] 

[Figure 1] This is a diagram showing the dielectric breakdown voltage strength distribution of silicon 
oxide fihn of a CZ silicon wafer that has undergone no heat treatment. 

[Figure 2] This is a diagram showing the dielectric breakdown voltage strength distribution of siUcon . 
oxide film of an FZ silicon wafer. 

[Figure 3] This is a diagram showing the dielectric breakdown voltage strength distribution of silicon 
oxide film of an epitaxial silicon wafer. 

[Figure 4] This is a diagram showing the dielectric breakdown voltage strength distribution of silicon 
oxide film of a CZ silicon wafer that has undergone sacrificial oxidation (conventional technology). 
[Figure 5] This is a diagram showing the dielectric breakdown voltage strength distribution of silicon 
oxide film of a CZ silicon wafer that has undergone heat treatmerit in a hydrogen gas atmosphere 
containing 1% hydrogen chloride (conventional technology). 

[Figure 6] This is a diagram showing the effect of w^fer surface silicon oxide film (sacrificial oxide film) 
thickness upon pass rate. Within this figure, item ( 1 ) is the film thickness range according to the present . 
invention. Item (2) is tlie change in (product) pass rate after heat treatment. Item (3) is die region of 
failure caused by poor outward diffusion of interstitial oxygen atoms. Here • indicates a working 
example of the present invention, and x indicates a comparative example. 

[Figure 7] This is a diagram showing the relationsliip between the time period and the temperature of 
heat treatment that improves silicon oxide film (product) breakdown voltage. Within tliis figure, item (1) 
shows the range of heat treatment temperature according to the present invention. Here • indicates a 
working-example-ofthe"present'iiivention7and"><%dicates'axomparative"example^ 
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Abstract 



PURPOSEiTo provide a method for reinforcing an insulation breakdown withstand voltage strength of silicon 
oxide film which is formed on a silicon substrate formed by a Czochralski method. 
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less than 20Angstrom is formed on the surface of the silicon substrate and then heat treatment is performed 
for a time longer than tc which is expressed by tc(h)=exp[(1050-T( deg.C))/130] within a heat treatment 
temperature range of T=1050 deg.C-1350 deg.C within an inactive gas atmosphere. 
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